Introduction
============

Caesarean section (CS), also known as C-section, is a surgical procedure which has been increasingly used in the past decades \[[@R1]\], \[[@R2]\], \[[@R3]\]. Approximately 18.5 million CS are performed each year worldwide \[[@R4]\]. In 2014, 31.8% of pregnant women give birth by CS in Germany, emphasizing the importance of this surgery in this country \[[@R4]\].

CS has been at the center of an intensive debate in recent years. Some authors have suggested that CS may be deleterious to both mother and baby \[[@R5]\], \[[@R6]\]. In 2003, Smith and colleagues found that the rate of antepartum stillbirths was significantly higher in the CS group compared to the VD group \[[@R5]\]. However, their study also included births of twins. Later, in 2006, Silver et al. demonstrated that the risks of placenta accreta, cystotomy and other complications increased with a rising number of CS deliveries \[[@R6]\]. Moreover, further studies could show that children delivered by CS had significantly higher risk for type 1 diabetes \[[@R7]\], autism spectrum disorder \[[@R8]\], asthma \[[@R9]\] and obesity \[[@R10]\] than children born by VD. By contrast, a retrospective study has shown that CS has little or no effect on future fertility \[[@R11]\]. Therefore, the debate concerning the risk of CS on future pregnancies remains current.

Although Germany has a high CS rate, there is a lack of comprehensive epidemiological studies on the effect of CS on the mother and the baby in this country. Thus, our goal was to analyze the impact of CS on mode of delivery, pregnancy-induced and pregnancy-associated disorders, and complications arising during the subsequent pregnancy in Germany.

Methods
=======

Database
--------

The Disease Analyzer database (IMS Health) compiles drug prescriptions, diagnoses, basic medical and demographic data obtained directly and in anonymous format from computer systems used in the practices of gynecological practitioners \[[@R12]\]. Diagnoses (ICD-10), prescriptions (Anatomical Therapeutic Chemical (ATC) Classification System) and the quality of reported data have been monitored by IMS based on a number of criteria (e.g., completeness of documentation, linkage between diagnoses and prescriptions).

In Germany, the sampling methods used for the selection of physicians' practices were consistent with a representative database of gynecological practices \[[@R12]\]. Prescription statistics for several drugs were very similar to data available from pharmaceutical prescription reports \[[@R12]\]. The age groups for given diagnoses in Disease Analyzer were also commensurate with those in corresponding disease registries \[[@R12]\].

Study population
----------------

Between January 2000 and December 2013, 10,195 women gave birth by CS and 16,132 gave birth by VD for the first time in the German gynecological practices identified in the IMS Health database. We selected women who were pregnant a second time. After matching (1:1) women with CS and women with VD using age and diagnosis of obesity (ICD 10: E66) as criteria, 1,801 subjects were included in each group (see data publication \[[@R13]\]).

Study outcome
-------------

The primary outcome measure was the impact of CS on the mode of delivery (CS or VD) in subsequent pregnancy. The impact of CS on the most common pregnancy-induced diseases, pregnancy-associated disorders, and complications prior to or during birth was also analyzed.

Statistical analysis
--------------------

Cox regressions were used to determine the influence of CS with regard to the mode of delivery, pregnancy-induced diseases, pregnancy-associated disorders, and complications prior to or during birth in subsequent pregnancy. A p-value \<0.05 was considered statistically significant. All calculations were carried out using SAS 9.3 (SAS Institute, Cary, USA).

Results
=======

Impact of caesarean section on mode of delivery in subsequent pregnancy
-----------------------------------------------------------------------

Table 1 [(Tab. 1)](#T1){ref-type="fig"} displays mode of delivery in women with prior CS or VD in German gynecological practices. The study included 1,801 women with CS and 1,801 women with VD. Medical abortion and single spontaneous delivery were significantly less frequent in women with CS than in women with VD (OR=0.52, 95% CI: 0.35--0.78; and OR=0.04, 95% CI: 0.03--0.05), whereas CS was more common (79.0% versus 9.3%, OR=36.47, 95% CI: 30.01--44.33). Unspecified abortion and single delivery by forceps and vacuum extractor did not differ between the two groups (p-values equal to 0.1979 and 0.4334 respectively).

Impact of caesarean section on pregnancy-induced and pregnancy-associated diseases, and on complications prior to and during birth
----------------------------------------------------------------------------------------------------------------------------------

Table 2 [(Tab. 2)](#T2){ref-type="fig"} illustrates pregnancy-induced maternal disorders in women with CS and women with VD. Gestational hypertension without significant proteinuria, gestational hypertension with significant proteinuria, and polyhydramnios were more frequent in women with CS than in women with VD (OR=6.80, 95% CI: 3.22--14.33; OR=1.71, 95% CI: 1.19--2.47; and OR=2.29, 95% CI: 1.33--3.95). The frequencies of gestational oedema and proteinuria without hypertension, eclampsia, placenta disorders, and placenta previa were not significantly different between the two groups. Table 3 [(Tab. 3)](#T3){ref-type="fig"} displays pregnancy-associated disorders in women with CS and women with VD. Hemorrhage and maternal care for known or suspected disproportion were more common in the CS group than in the VD group (OR=1.34, 95% CI: 1.12--1.61; and OR=3.75, 95% CI: 2.45--5.68). Contrastingly, maternal care for known or suspected malpresentation and antepartum hemorrhage did not significantly differ between women with CS and women with VD. Finally, Table 4 [(Tab. 4)](#T4){ref-type="fig"} shows complications prior to and during birth in women with prior CS or VD. Prolonged pregnancy, preterm labor, abnormalities of forces of labor, and perineal laceration during delivery were significantly less frequent in women with CS than in women with VD (OR between 0.32 and 0.75), whereas long labor was more common (OR=2.09, 95% CI: 1.05--4.19). Rates of premature rupture of membranes, premature separation of placenta, false labor, obstructed labor due to malposition and malpresentation of the fetus, other obstetric trauma, postpartum hemorrhage, retained placenta and membranes without hemorrhage, and other complications of labor and delivery did not significantly differ in our study.

Discussion
==========

In this German retrospective study, it was shown that women with CS were less likely to have a single spontaneous delivery and more likely to undergo CS in a subsequent pregnancy compared to women with VD. CS was also associated with a higher risk for certain outcomes such as gestational hypertension, polyhydramnios, hemorrhage in early pregnancy, maternal care for known or suspected disproportion and long labor in subsequent pregnancy. Contrarily, previous CS was associated with a lower risk of medical abortion, prolonged pregnancy, preterm labor, abnormal forces of labor, and perineal laceration during delivery in the next pregnancy compared to VD.

Although there is a significant number of articles on the benefits and the risks of CS, there is a lack of comprehensive epidemiological studies on the effects of this surgical procedure in Germany. Therefore, new analyses with recent data from the IMS Health database were performed. The first major outcome of this work revealed that previous CS is associated with a 36-fold increase in the odds of CS in subsequent pregnancy. Though several authors have studied the impact of repeated CS on both mother and baby \[[@R6]\], \[[@R14]\], \[[@R15]\]. There is still little information on the actual effect of prior CS on subsequent CS \[[@R16]\], \[[@R17]\], \[[@R18]\]. The findings from this study are not surprising from an obstetrical point of view. For example, it is recognized that after CS, the next child has a 70% chance of likewise being delivered by CS (\[[@R19]\], p. 34).

Indeed, although women believe that VD is more natural than CS, it is associated with considerable side effects (i.e. urinary incontinence and neuropathy) \[[@R20]\], \[[@R21]\]. In a study comprising 15,307 women in 2003, Rortveit and colleagues found that VD significantly increased the risk of urinary incontinency compared to CS (OR=1.7, 95% CI: 1.3--2.1) \[[@R21]\].

Moreover, it was shown that CS was associated with a reduction in the rates of medical abortion, prolonged pregnancy, preterm labor, abnormalities of forces of labor, and perineal laceration during delivery.

Nonetheless, another important result of this work is that CS is associated with elevated risk of several adverse outcomes involving short- and long-term effects on both the mother and the baby. It was discovered that CS was associated with a 7-fold increase in the risk of developing gestational hypertension without significant proteinuria as well as with a 2-fold increase in the probability of developing gestational hypertension with significant proteinuria. It was shown that CS had a major impact on polyhydramnios (OR=2.29, 95% CI: 1.33--3.95). These findings correspond with the existing literature, as several studies have already demonstrated that CS has a negative effect on morbidity and mortality. In a study including 120,633 singleton second births, Smith and colleagues have found that the odds of unexplained stillbirth was significantly higher with prior CS than with prior VD (HR=2.74, 95% CI: 1.74--4.30). In 2006, Silver et al. further showed in 30,132 women examined between 1999 and 2002 in 19 American academic medical centers that the risk for placenta accreta increased with the number of CS (≥6: OR=15.2, 95% CI: 6.9--33.5, when compared with one CS) \[[@R6]\]. Thus, even when the use of CS might have a positive impact on the health of both mother and the baby, it is associated with major side effects, which emphasizes the importance of continuous reevaluation of the CS-related risk-benefit balance.

Retrospective primary care database analyses are generally limited by the validity and completeness of the data on which they are based. The present study includes several limitations, such as the assessment of abortion and the definition of CS use and co-morbidities, which relied solely on ICD codes entered by gynecologists in gynecological practices, not by the obstetrician. Another important limitation of this work is that only two variables (age and diagnosis of obesity) were used for matching women with CS and women with VD, resulting in potential bias factors. Furthermore, age, and data pertaining to socioeconomic status (e.g., education, income) and lifestyle-related risk factors (e.g., smoking, alcohol, physical activity), were also lacking due to legal restrictions for data privacy protection. Finally, Disease Analyzer database did not allow us to separate elective Caesarean for breech, Caesarean for other indications, and emergency Caesarean.

Overall, the present study indicates that women with CS in German gynecological practices were less likely to have a single spontaneous delivery and more likely to undergo CS in a subsequent pregnancy compared to women with VD. Interestingly, CS was associated with both the increase and decrease of the risk of major diseases and disorders associated with pregnancy. Congruent with the literature, these data underscore the need for intensive management and follow-up of women with CS. Furthermore, new studies are required to reevaluate the CS-related risk-benefit balance, and to gain a better understanding of the association between prior and subsequent CS.

Data
====

Data for this article are available from the Dryad Repository: <http://dx.doi.org/10.5061/dryad.g7t04> \[[@R13]\].
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